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ABSTRACT

Aim: To evaluate the solvent efficacy of an experimental substance based on the Myrciaria dubia (camu-camu) essential oil in root canal
re-treatment procedures.

Materials and methods: Sixty polylactic acid tubes (PLA) were used and divided into five groups (distilled water, M. dubia oil (camu-camu),
xylene, orange peel, and eucalyptus oil). In each group, 12 tubes were filled with a temporary restorative material (Coltosol®). The upper and
the middle part were filled with gutta-percha. A total of 0.1 mL solvent was added depending on the study group and left for 5 minutes. Once
the solvent was placed, the samples were taken to the Instron 3382 machine. The force used to penetrate the spreader into the 5 mm depth
was recorded in Newton (N). The Kruskal-Wallis test and Dunn’s post hoc test were used for multiple comparisons (p < 0.05). Statistical analysis
was performed using Stata® v.15.0 package.

Results: We found significant statistical differences when comparing all solvents (p = 0.001), obtaining 14.02 N for the experimental substance.
The results of the superficial dissolution depth and the force used to penetrate the spreader to 5 mm revealed that the M. dubia oil (camu-camu)
was the solvent that significantly softened the gutta-percha the most (p < 0.05). These values were followed by xylene and orange peel oil. We
also found that the solvent with the lowest efficacy was eucalyptus oil.

Conclusion: The M. dubia (camu-camu) essential oil had more softening power than other solutions in the study.

Clinical significance: The efficacy of the M. dubia (camu-camu) essential oil is relevant as it is a nonharmful solvent that would not harm the

periapical tissue and would reduce the time of endodontic re-treatments procedures, which is beneficial for patients.
Keywords: Eucalyptus oil, Gutta-percha solvent, Myrciaria dubia, Orange peel oil, Xylene.
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INTRODUCTION

In some cases, the endodontic treatment performed on teeth
fails. In that scenario, the best option is the perform endodontic
re-treatment.' This procedure is among the most complicated
in endodontics. Filling and sealing materials used in the previous
endodontic treatment (i.e., gutta-percha and cement) must be easily
removed through complementary materials (such as an organic
solvent) or a heated instrument.*”’

Solvent efficacy is a property related to the capacity of
the solvent’s dissolution, which in this case, it would be the
thermoplastic material (gutta-percha). Several studies have used
penetration force to determine this efficacy, defined as the capacity
to perform a vertical movement when introducing an element
inside another.®® This means that the lower the penetration force,
the higher the solvent efficacy.

Solvents are substances (solid, liquid, or gas) where the solute
is diluted, resulting in a dissolution. Some solvents used are based
on natural materials, like orange peel, lime, and eucalyptus. It is
proven that essential oils efficiently dissolve the cement used in the
obturation of root canals.®'! As their main characteristics, they are
biocompatible, noncarcinogenic, and nonharmful to human beings.

M. dubia (camu-camu) is a local fruit of the Amazonian region
with a high content of ascorbic acid, found in the Plurinational
State of Bolivia, Republic of Ecuador, Federative Republic of Brazil,
and Peru. The Amazon rainforest has the highest amount of this
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fruit, mainly in the provinces of Pucallpa and Pebas."? A relevant
characteristic of this fruit is its high vitamin C concentration in
Republic of Ecuador, providing antioxidant, immunomodulator,
antiflu, anticarcinogenic, antimicrobial, protective, and cell
regeneration properties. It also contains small amounts of iron,
calcium, niacin, riboflavin, thiamine, and other phytochemical
elements.'®

It has been shown that natural oils such as eucalyptus, orange
peel, lime, grape, and lemon have a high solvent efficacy. The same
can be expected with M. dubia (camu-camu) oil. In this respect, the
D-limonene mineral has been found in the peel and seed of the
M. dubia (camu-camu) through an atomic absorption technique.'
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Therefore, the aim of the present study was to determine the
solvent efficacy of an experimental substance based on the M. dubia
(camu-camu) essential oil compared to distilled water, xylene,
orange peel oil, and eucalyptus.

MATERIALS AND METHODS

The current study was approved by the Research Ethics Committee
of Universidad Peruana de Ciencias Aplicadas (UPC) (Lima, Peru)
(approval number PI081-19).

Sample Determination

Sixty cylinder-shaped tubes of PLA (5 x 30 mm) were used as
test specimens. The tubes were divided into three segments of
10 mm. The bottom segment was filled with a temporary filling
material (Coltosol®), the middle segment with gutta-percha
(Spident) (10 mm), and the upper segment with the solvent
solution. Subsequently, the Instron machine was used to determine
the solvent efficacy in N. Specimens that had any fracture or
dimensional changes were excluded. Specimens were randomly
divided into five groups of 12, and the solvents used for each group
were distilled water (Martinotti, Lima, Peru) as a negative control,
M. dubia (camu-camu), xylene (Xilodent, Proquident, Republic of
Colombia) as a positive control, orange peel oil (Maquira, Maringa,
Federative Republic of Brazil), and eucalyptus oil (EGEO SRL,
Argentina Republic). The formula of comparison of means was used
with a 95% confidence level and an 80% power.

Sample Preparation
Temporary filling Placement

For the preparation of the sample, 3 gm of Coltosol® temporary
cement (Colténe, Altstatten, Switzerland) was used with the aid of
an endodontic plugger [Dentsply Tulsa, Tulsa, Oklahoma, United
States of America (USA)] to efficiently compact it in the bottom
segment of the tube.

Gutta-percha Obturation

The middle segment of the PLA tube was filled with Spident
gutta-percha cones (Spident, Incheon, Republic of Korea) to
simulate a filling. This was compacted with the aid of a root canal
plugger until no free space inside the tube was seen.

Myrciaria dubia (Camu-camu) Essential Oil Preparation
Steam distillation equipment was used to extract the essential oil.
About 60 kg of M. dubia (camu-camu) were used, and we chose
those with a greenish-red appearance. After approximately 8 hours
of distillation, the essential oil was extracted, and any remaining
water was removed using anhydrous sodium sulfate. Finally, the
pure essential oil was collected in an airtight glass bottle and
refrigerated at a temperature below 5°C for better preservation.
A total of 0.1 mL solvent was added to the upper part of the
PLA tube and left for 5 minutes.

Solvent Efficacy Measurement

Once the solvent was placed, the samples were taken to the
universal testing machine (UTM) (3382 Instron 100 kN, USA) to
measure the solvent efficacy through the penetration force (Fig. 1).
An accessory instrument was designed to have a 30 mm spacer as
an active part, similar to a spreader C, which entered through the
filling material. This accessory instrument was moved vertically to
the interior of thefilling at a speed of 5 mm/minute. In this manner,
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Fig. 1: Evaluation of solvent efficacy through the penetration force
using an Instron UTM

it was penetrated up to a 5 mm depth into the gutta-percha.
The measurement of the force used by the accessory through
the gutta-percha was recorded in N through the Instron Bluehill
software (Norwood, Massachusetts, USA).

Acquisition of Solvents

The solvents used in this study were obtained from commercial
dental offices: xylene (Xilodent, Proquident® Republic of Colombia),
orange peel oil (Maquira®, Maringa, Federative Republic of
Brazil), eucalyptus oil (EGEO SRL®, Argentina), and distilled water
(Martinotti® Lima, Peru).

Statistical Analysis

Mean, standard deviation (SD), and interquartile range according to the
established study groups were calculated. The Kruskal-Wallis test was
used to compare between groups, followed by Dunn’s post hoc test for
within comparisons (p < 0.05). Statistical analysis was performed with
Stata v.15.0 (Stata Corporation, College Station, Texas, USA).

REesuLTs

The penetration force values obtained when entering the spreader
revealed different values. The M. dubia (camu-camu) had the
lowest penetration force, meaning that there was a significantly
better performance in softening the gutta-percha (p < 0.05).
The penetration force used to move the spreader was 14.02 N.
Table 1 shows the mean and SD values of the force used for the
spreader penetration in the distilled water, xylene, orange peel, and
eucalyptus oil. These values were 26.49, 18.32, 22.13, and 18.35 N,
respectively. There was a statistically significant difference between
the xylene and the orange peel oil. Both types of oil soften
gutta-percha less compared to M. dubia (camu-camu) oil (p < 0.05).
Eucalyptus oil and distilled water were the least effective solvents
for dissolving gutta-percha, as seen in Table 2.

DiscussionN

Endodontic failures may be mainly caused by bacterial infection,
iatrogenic events, and persistent apical or pulpal injuries.”® Solvents
help remove the filling material (gutta-percha) from root canals.
These are the first option to soften the thermoplastic material in
re-treatment procedures. The methods for gutta-percha removal

i
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Table 1: Evaluation of the solvent efficacy of substances: distilled water, M. dubia oil (camu-camu), xylene, orange peel oil, and eucalyptus oil, in

root canal filling removal

Group Mean (N)* SD Median Min Max p-value*
Distilled water (n = 12) 26.49° 0.003 26.50 26.48 26.50 0.001

M. dubia oil (camu-camu) (n=12) 14.02° 0.002 14.02 14.02 14.03

Xylene (n=12) 18.32¢ 0.002 18.32 18.32 18.33

Orange peel oil (n=12) 18.35¢ 0.001 18.35 18.35 18.36

Eucalyptus oil (n=12) 22.13¢ 0.030 22.12 22.12 22.22

a.b ¢ d epjfferent letters indicate significant statistical differences, *Significant, Newton

Table 2: Comparison of the solvent efficacy of substances: distilled
water, xylene, eucalyptus oil, and orange peel oil with M. dubia oil
(camu-camu) in root canal filling removal

Group

M. dubia oil (camu-camu) compared to p-value*

Distilled water 0.003

Eucalyptus oil 0.005

Orange peel oil 0.008

Xylene 0.007
*Significant

include ultrasound, heating, and instrumentation with a chemical
solution, limes, and rotation. The latter, if often used, can enlarge
the root canal and possibly cause a perforation. Therefore, the use
of natural solvents is a relevant area for investigation.'s~'8

Different methods are used to determine the solvent efficacy of
the gutta-percha, such as the weight difference (the measurement
obtained using a calibrated weighing scale to find the initial and
final weight upon submersion in the solvent). The A (difference)
between both weights is interpreted as solvent efficacy.” Also,
the efficacy may be evaluated through images using X-rays or
computed tomography scans, where the remaining filling material
is found inside the root canal.'® For this purpose, two image shots
are taken, before and after submersion. Furthermore, another
way to determine the efficacy of a solution is with the penetration
force. Therefore, an accessory is used and introduced into the filling
through vertical movements until it reaches a specific depth. The
lesser force required showed higher efficiency of solvent. Research
shows that this last method is accurate in measurements with the
program used by the Instron UTM.'81°

The solutions used in endodontics to soften a filling material
when conducting root canal re-treatments may differin chemicals and
natural solutions. According to Galiana, xylene is a toxic and irritating
compound for periapical tissues.”” Among the natural solutions
are orange peel oil, grapefruit, mandarin orange, lime, lemon, and
eucalyptus. They bring similar results to the chemical solvents without
causing harmful effects on human beings. Furthermore, current
studies are aimed at promoting the use of natural agents for dentistry.
In this study, we used eucalyptus and orange peel oil since they did
not cause any harm to the root tissue.? In addition, the solvents must
dissolve gutta-percha at the surface and reduce filling removal time
during the endodontic re-treatment.

The results of this study evidenced that the M. dubia (camu-
camu) essential oil had a penetration force of 14.02 N. Previous
research evaluated the xylene and chloroform efficacy and found
their penetration forces at 18.1 and 17.9 N, respectively.?’ Most
recent studies use nontoxic solutions like mandarin orange, lemon,
grapefruit, and lime. The penetration forces of these are 18.35, 23.11,
18.11, and 23.08 N, respectively.?? Jantarat et al. also found similar
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results to the previous study.'” It may be established that all oils
used in this study have softening power. However, the M. dubia
(camu-camu) solution was the most effective compared to the
solutions mentioned above.

Among the active compounds found in M. dubia (camu-camu),
there is a response in the cell activity, physiological mechanisms, and
reduction of chronic disease risk.?>?* In addition, a study proposes that
the consumption of bioactive components of M. dubia (camu-camu),
such as the carotenoids, are associated with the prevention of cataracts,
atherosclerosis, muscle atrophy, and multiple sclerosis.?>*” Another
study showed that the ascorbic acid found in the M. dubia (camu-camu)
isacompound with an excellent reduction effect, making it an effective
antioxidant.?® Concerning the D-limonene cytotoxicity, Laughton et al.
indicate that the M. dubia (camu-camu) compound is not toxic when it
contacts the periapical area tissue.?” Additionally, D-limonene has been
studied by Pereira et al. in relation to colorectal cancer. He reported
that the compound causes apoptosis (through the mitochondrial
pathway) and affects the phosphatidylinositol 3—kinase/protein
kinase B signaling pathway (survival and apoptosis).3° Therefore, using
essential oils is not only non-harmful to the periapical tissue but can
provide additional health benefits.

The D-limonene compound causes the dissolution of high-
impact polystyrene filaments (polystyrene).3' For this reason, the
M. dubia (camu-camu) can act as a solvent and have a softening
function on the thermoplastic material. Additionally, it has also
been investigated that volatile components, such as a-Pinene and
D-limonene, may increase the dissolution action. These components
are considered to be nontoxic hydrophilic solvent solutions that are
widely used for ecological purposes as biodegradable components.™
The solventaction, according to Dogan etal., acts in the gutta-percha
through chemical means by breaking up the carbon covalent double
bonds in the thermoplastic material and physically allowing the
change of the gutta-percha from the thermoplastic state to liquid.>?

The solubility of a substance in a solvent is due to the specific
interactions between them. The maininteraction forces are orientation
forces, forces induced between dipolar and nonpolar molecules,
dispersion forces, hydrogen bonding forces, and transfer forces.
Because the M. dubia (camu-camu) oil has the D-limonene compound
(considered a hydrocarbon), it meets different interaction forces. For
example, dispersion forces, inductive forces, and hydrogen bonds. 3%

This study evidenced that the M. dubia (camu-camu) essential
oil had a penetration force of 14.02 N and is an effective solventin
root canal re-treatment procedures. In vitro studies are not able to
duplicate the exact situation as an in vivo scenario; the results of the
study should be interpreted with caution given the limitations, and
according to research on the application of solvents, it is reported
that the use of solvents may fill accessories and/or lateral canals
and cause inadequate sealing.>* Furthermore, future studies must
be conducted on Amazonian fruits containing the D-limonene
compound to contribute to the field of endodontics.
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CoONCLUSION

We found that M. dubia oil (camu-camu) is an effective solvent
in root canal re-treatment procedures. The penetration force
recorded was lower than distilled water, xylene, orange peel oil,
and eucalyptus oil. This means that it softens more gutta-percha
than the other solvents tested.

CLINICAL SIGNIFICANCE

The efficacy of the M. dubia (camu-camu) essential oil is relevant as
itis a non-harmful solvent that would not harm the periapical tissue.
Additionally, it would reduce the time of endodontic re-treatments
procedures, which is beneficial for patients.
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